The paper presents an improved technique of calculating total deflections of flexural reinforced concrete elements that takes discrete crack formation into account. The technique is based on determining the curvature of the cross section of reinforced concrete elements with cracks and fissures in the area between cracks. The curvature of the element is calculated using a non-linear function of the deformation of concrete under compression. Approximating dependency of concrete resistance on compression developed by one of the authors is presented. An algorithm of finding the curvature and formulas for calculating curvature and deflection are provided. The function of the curvature distribution along the length of a flexible element is proposed by the authors. The paper also presents the results of the author's experimental research. The characteristics of samples tested are described. The experimental research results of deflections of flexural reinforced concrete elements made of conventional and high-strength concretes are presented. Comparison of the values calculated using the technique with those obtained from the experimental research as well as those calculated according to existing regulations in Russia, USA and Europe is drawn.
Introduction
There are many different techniques to determine the dependency of the deformation of compressed and strain concrete and reinforcement as described in domestic [1] [2] [3] [4] and foreign [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] research papers and legal references. The following approximating concrete deformation as a function of its compression was proposed in the SGASU (Samara State University of Architecture and Civil Engineering):
where, a, b and p are determined from the calculation of the prerequisites set forth in the normative materials, σ b (ε)-tension in the concrete dependent on the relative deformation of ε.
This function accords fairly well with experimental data as well as proposals in Refs. [4, 11, [18] [19] [20] [21] [22] and is a lot easier for use in practical calculations due to computers.
The diagram shown in Fig. 1 based on the function being proposed and refined using data in Refs. [23] [24] [25] is taken as the basis of concrete deformation diagram. The equations of equilibrium in cross section of an area without cracks take from Eq. (1). 
Proceeding from these boundary conditions, it is assumed that there will be no new cracks in an area between cracks. The area size equals distance l s (ε b ) between cracks. The quantity of the areas is determined using Eq. (3):
The tension-deformed condition in the middle of an area between cracks is described by Eq. (4):
Let the authors describe the pure bending zone using the following boundary conditions m 1 and m 2 defined under Eqs. (5) and (6
where, m 1 , m 2 -distances between the left and right pole and the nearest crack respectively, L-rated span of the beam. The function of curvature changes in the pure bending zone is assumed to have sinusoidal shape as per Eq. (7):
where, R is curvature in an area with a crack, R 1 is curvature in the middle of an area between cracks.
The function of curvature changes in an area without cracks is assumed to look like:
where, P 1 (v), P 2 (v)-functions of curvature changes
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in the left and right areas of the beam without cracks, respectively. Total dependency of curvature distribution W(v) along the beam (Fig. 2) is obtained using Eq. (10):
To calculate total deflection of the structure using general rules of construction mechanics, the epures of changes in moment M 1 and lateral force Q 1 from an individual load as well as those in moment M x and lateral force Q x from external load are found.
The value of total deflection includes deflections resulting from the influence of bending moment FM max and lateral force FQ max .
Total deflection of the structure is calculated using Eq. (11):
According to SP 52-101-2003 [4] , deflection FM max caused by bending deformation is found using Eq. (12) and deflection FQ max caused by shear deformation is found using Eq. (13):
where, I red -normalized (reduced) moment of inertia of cross section, E b -concrete elasticity module, M crc (ε br )-value of the bending moment required for crack formation.
Results
Comparison of Results with Existing Calculation Technique
The results of the authors, investigation and the results of those of other authors were analyzed in order to confirm that the proposed technique of calculating deflections of flexural reinforced concrete structures is legitimate for application. Initial characteristics of samples investigated at SGASU are given in Tables 1-3 .
Physical characteristics of the sample materials at SGASU are given in Tables 4 and 5 .
The Proposed Technique Developed in SGASU
Results of the analysis of experimental data of various authors using existing normative documents and the proposed technique developed by authors in SGASU are shown in Table 6 .
Conclusions
The techniques stipulated by current normative documents considered in Table 3 have the results overestimated (up to 40% for plane) NSC series and unstable (overestimated to 35% or underestimated to 25%) results for HSC series.
For all experimental studies considered above, the technique proposed in this article provides considerably better convergence between the theory and experiment in comparison with other techniques. 
